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Introduction 
 
The simplicity of edge-fed microstrip patches is well known and it is due to this 
inherent physical characteristic in which the radiating element and feed structure 
can be developed on the same layer that has seen edge-fed microstrip patch 
antennas considered when low cost arrays are required. Of course associated with 
this structural simplicity is a compromise in the RF performance of the antenna; 
in particular when electrically thick substrates are used to enhance the bandwidth 
of the printed antenna.  For these cases, a large surface wave component is excited 
that can severely degrade the radiation performance of a single element and array 
of edge-fed patches [1].  The effect is most pronounced for an edge-fed 
configuration as the microstrip lines used to distribute power to the elements are 
electrically wide as a consequence of the thick material incorporated to increase 
the bandwidth of the radiator and therefore contribute more to the overall radiated 
power.  Scalping in the co-polar radiation patterns and an increase in cross-
polarization levels are common side-effects associated with the excitation of 
surface waves and these impairments become even more pronounced when a 
finite ground-plane is used.  
 
In [1] we showed that by using a multi-layered feed configuration where the 
majority of the feed network resided on a thin grounded dielectric layer, the 
impact on the radiation performance of the surface waves can be significantly 
reduced. In this paper we extend this work by exploring a 2-dimensional version 
of the multi-layered feed arrangement presented in [1].  The element geometry 
can be classified as an edge-fed cavity backed patch where the majority of the 
feed is positioned on a thin grounded substrate and patch resides on top of a 
cavity.  This configuration allows for dual-polarized, efficient printed antennas to 
be developed.  Here we will present several variations of the edge-fed cavity 
backed patch and compare their performance with a conventional edge-fed patch 
antenna mounted on similar material. 
 
Configuration 
 
Although there has been much reported work on cavity backed patches (for 
example, [2]), the majority of this work has focused on coupling to the radiator 
through the back plane; whether it be by probe feeding, or aperture coupling.  By 
edge feeding a cavity backed patch, we should be able to take advantage of the 
physical simplicity of the edge-fed patch single layer etching whilst utilizing the 
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efficient cavity backed configuration.  Fig. 1 shows a general schematic of the 
edge-fed cavity backed patch.  Here an edge-fed rectangular patch of dimensions 
Lp, Wp is etched on a thin dielectric layer with a dielectric constant εrp and a 
thickness dp.  A cavity within the ground-plane of dimensions Lc, Wc, dc resides 
below the patch and is filled with a dielectric material with a dielectric constant of 
εrc.  Since the dielectric layer beneath the majority of the feed transmission line is 
electrically thin, the width of the microstrip line (wf) can be thin too, to match to 
50 Ω.   
 
 
Fig. 1 Schematic of edge-fed cavity backed patch antenna 
 
To analyze the radiator in Fig. 1 and subsequent variations of the edge-fed cavity 
backed patch and arrays, we used two full-wave electromagnetic simulations 
tools; Ensemble 6.1TM and HFSSTM.  The first one assumes laterally infinite 
dielectric and ground layers however it is very useful for predicting fundamental 
electromagnetic phenomenon and also establishing general design trends.  The 
latter software allows us to take into consideration the impact of finite ground-
planes and truncated substrates and therefore gives a more realistic overview of 
the performance of the antenna. 
 
Results and Discussion 
 
A variation of the edge-fed patch presented in [1] as our base-line in this analysis; 
here the substrate has a thickness of approximately 3.2 mm and a dielectric 
constant of 2.2 with the design frequency centered near 5 GHz.  We constrained 
our edge-fed cavity backed solution to have the same laminate properties.  As has 
been established [2], a cavity backed patch has many degrees of freedom, 
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including the overall size of the cavity.  Once again we constrained our solution to 
have a relatively small cavity that only extended 5 mm (0.08 λ0) beyond the edges 
of the patch.  We did this so we could readily accommodate the orthogonal feeds 
required for a dual polarized solution in an array environment and also reduce the 
area in which the thin transmission line is no longer 50 Ω for the overall thickness 
of the substrate. A consequence of the small cavity, however is that the cross-
polarization levels will be compromised. For our cavity backed solution we ‘split’ 
the dielectric layer into 2 sections; a thin 0.2 mm laminate used to feed the patch 
and a 3 mm layer that resided within the cavity.  Using this approach allowed us 
to use thin 50 Ω transmission lines (0.8 mm) to feed the patch (18.2 mm x 18.2 
mm).   
 
Fig. 2 shows the predicted return loss performance of the edge-fed cavity backed 
patch and the base-line case.  As can be seen from these results, the 10 dB return 
loss bandwidth for both cases is approximately the same (4 %) with the cavity 
backed solution having a slightly greater bandwidth. An interesting observation 
can be made from Fig. 2 at the higher frequencies shown.  As can be seen for the 
base-line case the return loss does not degrade as sharply as for the cavity-backed 
scenario at the higher frequencies away from the resonance.  This is because of 
the large surface wave contribution for the base-line case and therefore the lower 
return loss off resonance. 
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Fig. 2 Predicted return loss of an edge-fed patch and a cavity backed patch 
 
Fig. 3 shows a comparison of the predicted radiation patterns (and gain) of the 
two printed radiators.  In Fig. 3a, the typically scalping of the E-plane co-
polarized fields is evident for the conventional edge-fed patch on a thick substrate 
(here 3 dB) [1].  In this simulation because we used an infinite ground-plane 
analysis tool, the scalping observed is only due to the interaction of the patch and 
the feed line.  When a finite ground-plane is considered (50 mm x 50 mm), the 
scalping increases to almost 10 dB.  The gain of the antenna is only 4.4 dBi, due 
to the surface wave excited. 
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(a)      (b) 
Fig. 3 Predicted radiation patterns of conventional edge-fed patch and edge-fed 
cavity backed patch 
 
Fig. 3b shows the predicted radiation patterns (and gain) of the edge-fed cavity 
backed solution.  Here there is no evidence of scalping in the E-plane co-polar 
radiation patterns and the gain of the antenna is 7.6 dBi.  The cross-polarization 
levels in both the E- and H-planes are higher than for the conventional case due to 
the effect of the cavity walls.  By moving the cavity a further 5 mm from the 
edges of the patch can reduce these levels by 6 - 8 dB.  It should be noted that the 
co-polar scalping observed for the conventional case will have a greater impact on 
the quality of the radiation performance of a dual polarized (or circularly 
polarized) antenna derived form these radiators, because of its higher amplitude. 
The scalping shown in Fig. 3b is less than that for the thin-thick substrate 
approach developed in [1]. 
 
Circularly polarized versions of the two printed antennas were developed and the 
edge-fed cavity solution showed improved performance: a 3 dB axial ratio 
beamwidth in the E- and H-planes of 85o and 95o respectively compared to 75o 
and 65o for the conventional case.  An H-plane linear array of 8 cavity backed 
elements was also investigated and the gain was 17 dBi, similar to that presented 
in [1], although less scalping was observed (as for the case shown in Fig. 3b).  
More examples will be given later. 
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